BACKGROUND: Aging and disease may make elderly patients particularly susceptible to hypotension during spinal anesthesia. However, the impact of small-dose bupivacaine on cerebral hemodynamics is not known. In this study, we assessed the effects of spinal anesthesia on cerebral blood flow (CBF) in very elderly patients. METHODS: We prospectively studied 20 patients aged Ͼ75 yr who underwent open surgical repair of a hip fracture and compared them with a control group of patients younger than 60 yr. Patients were placed in the lateral decubitus position to receive spinal anesthesia at L4 -5 level. Noninvasive automated arterial blood pressure, heart rate, and transcranial Doppler measurements were recorded before spinal anesthesia (baseline ϭ T0), 5 min after the end of local anesthetic injection (T1), 10 min after spinal anesthesia (T2), and in the postanesthesia care unit (T3). RESULTS: Systolic blood pressure significantly decreased at T1 (115 Ϯ 25 mm Hg) and T2 (114 Ϯ 24 mm Hg) compared with T0 (136 Ϯ 21 mm Hg) in the elderly group. Systolic and diastolic velocities significantly decreased compared to baseline values (at T1, T2). Significant modifications of the pulsatility index (PI) and resistance index occurred at T2 for PI and resistance index. No patient experienced an episode of bradycardia. Heart rate variations were not significantly different compared to T0. Neither hemodynamics nor cerebral effects were observed in the control group. CONCLUSION: In summary, spinal anesthesia results in a very small but statistically significant reduction of CBF velocity in very elderly patients. Hi p fractures are extremely common in the elderly and, indeed, are among the most frequent reasons for admission to an acute orthopedic service. 1 Regional anesthesia is commonly used in surgical repair of hip fractures involving elderly patients. Hypotension is common and also more hazardous in elderly patients as they may have decreased physiological reserve and compromised blood supply to various vital organs.
2 A high sensory level during spinal block is associated with more sedation 3 and bispectral index decrease, 4 but the regional cerebral oxygen saturation results were ambiguous. 4, 5 We previously reported that small-dose bupivacaine-sufentanil (i.e., 7.5 mg bupivacaine) prevents cardiac output modifications after spinal anesthesia when compared with high-dose (i.e., 12.5 mg) bupivacaine. 6 However, the impact of smalldose bupivacaine on cerebral hemodynamics is not known. We therefore conducted this study to assess cerebral hemodynamics evaluated by transcranial Doppler (TCD) in elderly patients undergoing surgical repair of traumatic hip fracture after a single spinal injection of small-dose bupivacaine (7.5 mg).
METHODS
We prospectively studied 20 patients aged Ͼ75 yr who underwent surgery for open surgical repair of hip fracture in a single university hospital. After approval by the local ethics committee, all patients provided written informed consent. Exclusions criteria were patient refusal, intracranial hypertension, major hemostasis anomalies, local infection, dementia, central nervous system disease, spinal malformation, and allergic reaction to local anesthetics. The patients were fasted overnight and oral fluid intake was allowed for up 6 h before surgery. Patients received no premedication before arrival in the operating room. Before spinal anesthesia, patients received an infusion of 8 mL/kg of lactated Ringer's solution over a 30-min period. All patients received oxygen (3 L/min) during the procedure. Standard monitoring, including continuous electrocardiogram, noninvasive automated arterial blood pressure, and pulse oximetry, was applied. Spinal anesthesia was performed in the lateral position as previously described. 7 After antiseptic preparation of the area, lumbar puncture was performed by an experienced senior anesthesiologist. Isobaric 0.5% bupivacaine without adjuvant was used for all cases. For spinal anesthesia, subarachnoid puncture was performed with a 22-gauge Whitacre point needle (BD, Franklin Lakes, NJ) at the L4 -5 interspace by a paramedian approach. 8 Injection of 7.5 mg of 0.5% isobaric bupivacaine was made over 10 -15 s. After completion of the injection, patients were returned to the supine position.
A control group consisted of 10 patients (age Ͻ60 yr) who received low-dose spinal anesthesia (10 mg of 0.5% isobaric bupivacaine) for surgery.
Noninvasive automated arterial blood pressure and heart rate measurements were recorded before spinal anesthesia (baseline ϭ T0), 5 min after the end of local anesthetic injection (T1), 10 min after the end of local anesthetic injection (T2), and upon discharge from the postanesthesia care unit (T3). The baseline was determined from the average of three consecutive readings taken before the procedure. Hypotension was defined as a decrease of more than 20% from the baseline systolic arterial blood pressure (SBP). TCD ultrasound was performed according to the method described by Aaslid et al. 9 (Waki 1TC-TO, Atys Médi-cale, France). The Doppler signal was optimized for clear and accurate determination by adjusting the position of the probe, the scale and the gain of the measurement, and the angle of insonation. Systolic (V s ), diastolic (V d ), and mean (V m ) velocities were measured. The Gosling pulsatility index (PI) was calculated as (V s Ϫ V d )/V m as well as the Pourcelot index of resistances (V s Ϫ V d )/V s . 10 Sedation was estimated at the same time using the Ramsay score.
In case of failure or insufficient block, general anesthesia was performed and the patient was excluded from the study. A blinded observer assessed the dermatome level of sensory blockade with a pinprick test bilaterally after injection of the local anesthetic. The modified Bromage scale (0 ϭ nonmotor block; 1 ϭ hip flexion with extended leg blocked; 2 ϭ knee flexion blocked; 3 ϭ complete motor block) was used for degree of motor block bilaterally.
Statistical Analysis
The number of patients enrolled in this study was determined by a power analysis based on an expectation of a 25% change in cerebral blood flow velocity (CBFV) in elderly patients, with ␣ ϭ 0.05 and ␤ ϭ 0.20. The power calculation yielded a sample size of 19 patients. Accordingly, 20 patients were enrolled in one group as each patient was his or her own control. The control group was composed of 10 young patients who received spinal anesthesia for surgery. Hemodynamic data of changes from baseline were compared using variance analysis for repeated measurements, followed by paired Student's t-test (post hoc test). P Ͻ 0.05 was considered statistically significant. Data are presented as mean Ϯ sd unless stated otherwise.
RESULTS
All 30 patients completed the investigation (20 patients in the study group and 10 patients in the control group). Demographic characteristics are shown in Table 1 . Hemodynamic data are shown in Table 2 . SBP significantly decreased at T1 and T2 compared with T0 in elderly patients. No hemodynamic difference was found in the control group (Table 2) . No patient experienced an episode of bradycardia. Heart rate variations were not significantly different compared to T0 in both groups. V s and V d significantly decreased compared to baseline values (at T1, T2; Table 3 ). Modifications of the PI and resistance index are shown in Table 3 . No modification in middle cerebral artery velocities was noted in the control group.
The maximum sensory block level was T8 (T6 -10) in both groups (NS). Spinal anesthesia was successful and allowed surgery in all patients. The sedation score was 2 in all patients (Ramsay score). Hypotension occurred in eight patients in the elderly group and was associated with CBF diminution (Table 4) . Hemodynamic data in hypotensive and nonhypotensive elderly patients are shown in Table 5 . Hypotension was treated with ephedrine. In the postoperative period, no patients experienced confusion or any neurological disorders. No cardiovascular complications (myocardial ischemia or stroke) were observed.
DISCUSSION
This study demonstrated that, in very elderly patients, spinal anesthesia with 7.5 mg of 0.5% isobaric bupivacaine induced statistically significant modifications in middle cerebral artery velocity, without apparent clinical consequences, whereas no modification in middle cerebral artery velocity occurred in the control group. Normal aging is associated with many wellrecognized changes in the cardiovascular system.
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The cerebral vasculature also undergoes age-related changes as evidenced by the decline in CBF and CBFV velocity with advancing years. 14, 15 However, cerebral autoregulation impairment in the elderly is a still matter of debate. 16 -20 The results published in the literature are also conflicting concerning the effect of spinal anesthesia on regional cerebral oxygen. For example, one study found no modifications of spinal anesthesia on regional cerebral oxygen 4 and another did find modifications. 5 One meaningful explanation for these discrepancies could be that the average ages were different between studies with an age around 70 yr for the first one, and around 82 yr for the second. Our study found that low-dose spinal anesthesia induces statistically significant modification in CBF in very elderly patients without clinical modification. Even if it were not clinically relevant in our study (no modification of the Ramsay score and lack of obvious neurological impairment in the postoperative course), these results suggest that high-dose spinal anesthesia could be deleterious to autoregulation in very elderly patients, as was already demonstrated for global hemodynamic changes after spinal anesthesia. 7, 21 The resistance index is a well-accepted tool used to evaluate cerebral vascular resistance. 22, 23 Moreover, experimental and clinical studies showed that V d decreases with cerebral perfusion pressure more rapidly than V m and V s . 24 The results of our study show a significant decrease of V d as well as a significant increase of PI and resistance index compared to baseline, suggesting a decreased cerebral perfusion. A possible criticism of this study is that the use of CBFV as a surrogate for CBF is only valid if the diameter of the insonated vessel remains constant. However, only minor changes in diameter with a relatively large change in arterial blood pressure were seen during surgery. 25 Another possible criticism is that, within the autoregulation range, TCD velocities seem to be poorly correlated with CBF. 24 However, it should be kept in mind that the population studied by Aaslid et al. 9 to validate the TCD method was composed of 50 healthy middle-aged subjects. In very elderly subjects, the normal and pathological CBFV values are still unknown. Thus, the decrease of V d values below 30 cm/s could be clinically relevant in this particular population of patients older than 75 yr.
In conclusion, we have documented that spinal anesthesia induced a statistically significant reduction in middle cerebral artery velocity in very elderly patients (Ͼ75 yr), whereas no reduction occurred in the control group. This could be explained by a decrease in arterial blood pressure secondary to spinal anesthesia and impaired cerebral autoregulation in very elderly patients. However, the lack of obvious neurological impairment in the postoperative course, in this small cohort, suggests that the small changes in CBFV are not likely of great clinical consequence.
